The 'lithium problem' in Big Bang Nucleosynthesis (BBN) has recently focused on the reactions involving 7 Be. The 6 Li(p, γ) 7 Be reaction can provide us not only the information for destroying 6 Li but also the information for producing 7 Be. In the present work, the proton spectroscopic factor in 7 Be was extracted to be 0.70 ± 0.17 from the angular distribution of 7 Be(d, 3 He) 6 Li at Ec.m. = 6.7 MeV. The value was then used to compute the direct component of the astrophysical 6 Li(p, γ) 7 Beg.s. S(E) factors and determine the resonance parameters from the total S(E) factors.
TABLE I: The optical potential parameters used in the DWBA calculations, the Coulomb radius parameter rC = 1.3 is adopted for all channels. V and W are the depths in MeV, and r and a are the radius and diffuseness in fm. [39] the detailed description can be found in Ref. [33] . Here, we focus on the extracting of the 7 Be proton spectroscopic factor from the angular distribution of 7 Be(d, 3 He) 6 Li. The spins and parities of 6 Li and 7 Be (ground state) are 1 + and 3/2 − , respectively. The cross section of the 6 Li(p, γ) 7 Be reaction is comprised of the s-wave proton transition to 1p3/2 and 1p1/2 orbit in 7 Be ground state. The relations between the experimental differential cross section and the one from DWBA calculation can be expressed as
where σ exp and σ lj (θ) denote the measured and theoretical differential cross sections respectively. S The DWBA calculation code TWOFNR [38] is adopted to obtain the theoretical differential cross sections. The spectroscopic factor of 3 He → d + p has already been embedded in the code. The peripheral amplitudes of the reaction make a dominant contribution to the differential cross sections in the forward peak region. Therefore, the differential cross sections at the forward angles are used to extract the spectroscopic factor of 7 Be. The compound nucleus contribution, which has little impact on the spectroscopic factor, can be considered to be isotropic in the present DWBA calculations. The optical potential parameters for both entrance and exit channels are listed in Table I . These parameters are taken from Ref. [39] and Ref. [40] . For the convenience of the calculations, these potential parameters have been put in TWOFNR code. With the theoretical ratio of S p1/2 can be deduced to be 0.70 ± 0.17, and the corresponding ANC is 1.84 ± 0.45 fm −1/2 . The alpha transfer reaction channel of 7 Be(d, 6 Li) 3 He is also taken into account in the present calculation. It has little effect on the extracted spectroscopic factor because the cross sections of alpha transfer reaction are about two orders of magnitude smaller than the one nucleon transfer reaction at forward angles, but it can reproduce the differential cross section at the backward angles well. The normalized angular distributions with these optical potential parameters are presented in Fig. 1 . The present spectroscopic factors are in good agreement with the shell-model values [41] , the Green's function Monte Carlo calculational values [42] , the value extracted from the 6 Li( 3 He,d) 7 Be angular distributions by Burtebayev et al. [43] , and our previous results with the 7 Li( 6 Li, 7 Li) 6 Li elastic transfer reaction [44] .
According to the experimental data in Ref. [31] , there are two main processes in the proton radioactive capture reactions at the stellar energies, e.g. the direct capture and the resonant capture processes. The direct capture of the 6 Li(p, γ) 7 Be reaction is dominated by the E1 transition of the proton from incoming s wave to bound p state. The cross section can be computed using the traditional direct capture model [37, 45, 46] where E γ is the γ-ray energy. e eff = eN/A stands for the proton effective charge for the E1 transition for a target nucleus (A, Z). v is the relative velocity between proton and 6 Li. k denotes the wave number of proton. I 1 , I 2 and I f are the spins of proton, 6 Li and 7 Be, respectively. w li (kr) refers to the distorted radial wave function for the continuum, and u l f (r) the radial wave function of the bound state of 7 Be. The astrophysical S(E) factor is a rescaled variant of the cross section that accounts for the Coulomb repulsion between the charged reactants. It is defined as
where the Gamow energy E G = 0.978Z
µ MeV, µ is the reduced mass of the system. Using the spectroscopic factor (S lj = 0.70 ± 0.17) deduced from the 7 Be(d, 3 He) 6 Li transfer reaction, the cross section and the astrophysical S(E) factor for the direct capture process of the 6 Li(p, γ) 7 Be reaction can then be calculated by Eq. (2) and Eq. (3). The code FRESCO [47] was adopted in the present calculations. The wave functions for both bound and continuum states were computed by solving the Schrödinger equation using a Woods-Saxon form potential with the standard geometrical parameters (r = 1.25, a = 0.65). The potential depth for the bound state is adjusted to reproduce the binding energy. For the continuum potential, the depth can be fixed by scaling the direct component of 6 Li(p, γ) 7 Be, which can be determined by the edge of the broad resonant peak. The influence of the imaginary potential is very small comparing to the real potential and thus can be neglected in the calculation. The direct component (S dc ) of the astrophysical S(E) factors deduced with the above process are presented by the plot in blue color in Fig. 2 .
In order to explain the total S(E) factors of 6 Li(p, γ) 7 Be, the contribution of the broad resonance at low-energy region is indispensable. The cross section of the one-level resonance capture can be expressed by Breit-Wigner formula
where E r is the resonant energy. ω represents the production of the statistical factor, which can be calculated with the spin parameters by the expression
Γ p (E), Γ γ (E) and Γ t (E) are the observable partial width of the resonance in the channel 6 Li + p, the observable radiative width for the decay of the given resonance into the ground state of 7 Be, and the total width, respectively. The three widths are all energy dependent, their relations to the experimental partial and radiative widths can be found in Ref. [37] . The astrophysical S(E) factor of the resonant component can also be computed with Eq. (3).
The S(E) factors of 6 Li(p, γ) 7 Be g.s. have been calculated by using a simple direct-resonant interference model [46] . The analysis can produce the best fit with many unphysical parameter sets, thus more known parameters are need to give meaningful results. It is very difficult to measure the low energy resonance, especially for the hundreds keV resonance in 7 Be. Bouchez et al. [48] had introduced two low-energy states in 7 Be from the determination of the 6 Li(p, [31] , those with open circles are determined by Switkowski et al. [19] . All the experimental data are multiplied by the branching ratio to the ground state. 3 
He)
4 He angular distributions. Neither of these states is observed in p- 6 Li scattering and 3 HeC 4 He scattering [49] . Mani and Dix [50] reported a level of unknown spin and parity in 7 Li by p + 7 Li scattering, the corresponding level in the mirror nucleus 7 Be would lie near the binding energy of 6 Li + p. In 2013, He et al. [31] found a level at 195 keV from the proton capture reaction. The proposed resonant parameters can't reproduce the 6 Li(p, γ) 7 Be S(E) factor very well. In such case, we instead do the analysis with R-matrix code AZURE [51] , which is designed to model low-energy nuclear reactions involving charged particles, γ-rays, and neutrons. The code allows for more strict constraints on the fitted parameters than the simple direct-resonant interference model.
With the direct capture S(E) factors obtained from the present work and the S(E) factors measured by He et al. [31] and Switkowski et al. [19] , the resonance parameters can then be obtained by fitting the 6 Li(p, γ) 7 Be g.s. S(E) factors. To do this, we think about two possible cases, namely the resonance dominated by the proton width or by the alpha width. In the analysis, the channel radius is fixed to be 3.4 fm. For the first case, we get the same result as He et al. [31] . For the second case, our best fitting results are (E r = 145 keV, Γ p (E r ) = 10.2 eV, Γ γ (E r ) = 7.6 eV and Γ α (E r ) = 232 keV ). The testing for goodness of fit, χ 2 min , is 15.4. One can see from Fig. 2 that the resonant parameters extracted from the present work can reproduce the total S(E) factors of 6 Li(p, γ) 7 Be very well.
IV. SUMMARY AND CONCLUSION
In summary, we have extracted the proton spectroscopic factor of 7 Be ground state from the angular distribution of 7 Be(d, 3 He) 6 Li, and deduced the direct capture components of the 6 Li(p, γ) 7 Be reaction. The data have been used to fit the experimental total S(E) factors [31] and obtained the resonance parameters of the 3/2 + broad resonance level in 7 Be. The existence of the broad resonance in the 1p shell nuclei had been observed in the 11 C(p, γ) 
